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ABSTRACT

VALIDITY AND RELIABILITY EVIDENCE OF SMART START-2
IN PRESCHOOL-AGED CHILDREN WITH/WITHOUT
A DEVELOPMENTAL DELAY
AND/OR A DISABILITY

Jaehun Jung, M.S. Ed.
Department of Kinesiology and Physical Education
Northern Illinois University, 2015
So-Yeun Kim and Lauriece L. Zittel, Co-Directors

The purpose of this study was to investigate validity and reliability evidence of Smart
Start (Wessel & Zittel, 1995) in preschoolers with and without a disability. Thirty-two
preschoolers with a disability and 28 preschoolers without a disability participated in the study.
The mean age of all participants, preschoolers with a disability, and preschoolers without a
disability were 50.98 months (SD = 7.86, range 37 – 64), 53.28 months (SD = 7.28), and 48.35
months (SD = 7.78), respectively. Each participant was asked to perform 12 fundamental
movement skills. The participants’ fundamental movement skills performances were filmed and
examined with Smart Start-2 and Test of Gross Motor Development-Second Edition (TGMD-2;
Ulrich, 2000) by three trained raters. For validity evidence of Smart Start-2, correlations between
data of Smart Start-2 and TGMD-2 were examined with Pearson product-moment correlation
coefficients. Intra-rater reliability and inter-rater reliability were also examined using a
proportion of agreement, modified kappa coefficient, and intraclass correlation coefficient. Large
correlations between data of Smart Start-2 and TGMD-2 were found for total score (r = .89, p
< .01), for sum of scores on locomotor skills (r = .92, p < .01), and sum of scores on object
control skills (r = .92, p < .01). Across three raters, the average proportions of agreement for

intra-rater using Smart Start-2 on all participants, preschoolers with a disability, and preschoolers
without a disability were .92, .91, and .91, respectively. Across three raters, the means of
modified kappa coefficients for intra-rater reliability using Smart Start-2 on all participants,
preschoolers with a disability, and preschoolers without a disability were .83 (SD = .09, range .52
– 1.00), .83 (SD = .09, range .60 - .96), and .83 (SD = .10, range .52 – 1.00), respectively. The
means of intraclass correlation coefficients for intra-rater reliability using Smart Start-2 on all
participants, preschoolers with a disability, and preschoolers without a disability were .96 (95%
confidence interval: .94 - .97), .96 (95% confidence interval: .90 - .97), and .96 (95% confidence
interval: .93 - .98), respectively.
The average proportions of agreement for inter-rater using Smart Smart-2 on all
participants, preschoolers with a disability, and preschoolers without a disability were .86, .87,
and .86, respectively. The means of modified kappa coefficients, across three raters, for interrater on all participants, preschoolers without a disability, and preschoolers without a disability
were .71 (SD = .11, range .42 - .89), .72 (SD = .10, range .42- .87), and .69 (SD = .10, range .45
- .89), respectively. The means of intraclass correlation coefficients for intra-rater reliability
using Smart Start-2 on all participants, preschoolers with a disability, and preschoolers without a
disability were .93 (95% confidence interval: .89 - .96), .95 (95% confidence interval: .89 -.97),
and .89 (95% confidence interval: .72 - .95), respectively. However, a one-way repeatedmeasures ANOVA showed significant differences of the total scores of Smart Start-2 between
raters.
The major findings of this study support evidence of concurrent validity and intra-rater
reliability and inter-rater reliability of the Smart Start-2 for assessing FMS for preschoolers
with/without a disability using three trained raters.
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INTRODUCTION

Fundamental movement skills (FMS) are crucial for children in early childhood because
children are able to use these skills to interact with and respond to environmental challenges
while using these skills (Gallahue & Ozman, 2006). FMS consist of locomotor skills (e.g., walk,
run, gallop, hop, jump, leap, and slide) and manipulative skills (e.g., strike, kick, catch, bounce,
throw, and roll) (Burton & Miller, 1998). Mastery of FMS is a building block for the acquisition
of specific movement skills used for sports and games in later childhood (Burton & Miller, 1998;
Gallahue & Ozman, 2006) and as a prerequisite for daily life skills into adulthood (Cools, De
Martelaer, Samaey, & Andries, 2008).
Evidence suggests that children with well-developed FMS tend to be more engaged in
physical activity than children with low FMS (Cliff, Okely, Smith, & McKeen, 2009; Fisher et
al., 2005; Graf et al., 2004; Okely, Booth, & Patterson, 2001; Williams et al., 2008; Wrotniak,
Epstein, Dorn, Jones, & Kondilis, 2006). Inadequate proficiency of FMS in early childhood can
have negative effects on physical activity (PA) competency later in life (Gallahue & Ozman,
2006). Also, FMS, especially manipulative skills, can play a role as a predictor of adolescent
physical activity (Barnett, van Beurden, Morgan, Brooks, & Beard, 2009).
Preschoolers with a developmental delay and/or a disability may have difficulty acquiring
the motor skill competency necessary to perform FMS in early childhood, thus putting them at
risk for poor physical, social, and emotional development (Majnemer, 1998). Given the potential
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long-term, negative effect of delayed motor competency for children with developmental delays
and/or disabilities, intervention and instruction to develop competence in FMS are highly
recommended (Stodden et al., 2008).
Fundamental movement skill assessment is essential for preschoolers with a
developmental delay and/or disability. Assessment plays a central role in monitoring a child’s
developmental changes and identifying possible delays in motor development (Gallahue &
Ozman, 2006). The Individuals with Disabilities Education Improvement Act of 2004 highlights
the importance of evaluation and it is an appropriate link to the design of educational services to
preschool-age children with a developmental delay and those at risk for a developmental delay
(IDEIA, 2004).
Several standardized instruments are available to assess gross motor skills of preschoolage children with and without a developmental delay and/or a disability. Test of Gross Motor
Development-Second Edition (TGMD-2; Ulrich, 2000), Movement Assessment Battery for
Children-Second Edition (MABC-2; Henderson, Sugden, & Barnett, 2007), Bruininks-Oseretsky
Test of Motor Proficiency-Second Edition (BOTMP-2; Bruininks & Bruininks, 2005), and
Peabody Development Motor Scales-Second Edition (PDMS-2; Folio & Fewell, 2000) have been
widely used for diagnosis and educational placement decisions for this preschool-age group (e.g.,
Fisher et al., 2005; Hardy, King, Farrell, Macniven, & Howlett, 2010; Logan & Getchell, 2010)
with a developmental delay and/or a disability (e.g., Capio et al., 2011; Gordon, Schneider,
Chinnan, & Charles, 2007; Houwen, Hartman, Jonker, & Visscher, 2010; Simons et al., 2008;
Wuang, Wang, Huang, & Su, 2008).
Evidence of validity and reliability has been established for these instruments. TGMD-2
was developed to assess FMS of children from 3 to 10 years of age. Validity evidence of TGMD-
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2 has been reported in typically developing children from 3 to 10 years of age (e.g., Evaggelinou,
Tsigilis, & Papa, 2002) as well as children with a visual impairment from 6 to 12 years of age
(e.g., Houwen et al., 2010). Additionally, an acceptable level of reliability evidence was
established when TGMD-2 was administered in children with intellectual disabilities from 7 to
10 years of age (Cronbach’s α = .85 and .88 for locomotor and object control skills, respectively)
(Simons et al., 2008).
MABC-2 is an assessment tool to measure both fine and gross motor tasks grouped into
three subscales. Validity evidence for MABC-2 has been established in the literature (e.g., Van
Hartingsveldt, Cup, & Oostendorp, 2005; Van Waelvelde, Peersman, Lenoir, & SmitsEngelsman, 2007) and evidence of reliability has been reported for typically developing children
(e.g., Chow & Henderson, 2003; Croce, Horvat, & McCarthy, 2001; Smits-Engelsman, Fiers,
Henderson, & Henderson, 2008). In the research by Chow and Henderson (2003) involving 138
children, ages 4 to 6 years, good inter-rater reliability (r = .96) was reported. In a more recent
study by Van Waelvelde et al. (2007), validity evidence of MABC-2 was examined by comparing
scores of MABC-2 and PDMS-2 in preschoolers. The results from the study indicated that the
total scores on the two tests correlated well for preschoolers (r = .76).
BOTMP-2 is an assessment tool to assess four motor areas: fine manual control, manual
coordination, body coordination, and strength and agility. Evidence of reliability and validity for
BOTMP-2 has been reported in 12 groups of children and adolescents (n = 1520) aged from 4 to
21 years (Bruininks & Bruininks, 2005) and in a sample of 100 children with intellectual
disabilities aged from 4 to 10 years (Wuang & Su, 2009). According to Wuang and Su (2009),
BOTMP-2 had good test-retest reliability (ICC = .99) and internal consistency (Cronbach’s α
= .92) when the tool was administered to children with intellectual disabilities.
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PDMS-2 is a comprehensive norm-referenced test for both gross motor and fine motor
scales for children aged from birth to five years. The scales consisted of 127 gross motor items
and 122 fine motor items, divided into six subtests. A few studies examined the reliability and
validity evidence of PDMS-2 for preschoolers (Folio, & Fewell, 2000; Provost, Heimerl,
McClain, Kim, Lopez, & Kodituwakku, 2004). The results of the studies indicated that the
reliability and validity evidence for the tool was acceptable. In the study conducted by Provost et
al. (2004) in a sample of 110 children aged from 3 to 4 years who are at risk, results showed that
there were moderate correlations between the motor scale of the Bayley Scales of Infant
Development-Second Edition (BSID-2; Bayley, 1993) and PDMS-2 standard scores (r
= .67- .75) and high to very high correlations between the BSID-2 Motor Scale and PDMS-2
subtests for age-equivalent scores (r = .85 - .97).
TGMD-2, BOTMP-2, M-ABC-2, and PDMS-2 have validity and reliability evidence for
assessing movement skills of preschoolers with and without disabilities. These tools are
particularly useful when making decisions for educational eligibility and placement. However, a
few shortcomings of standardized, norm-referenced tests have been recognized by some
professionals. Results can be inaccurate, particularly when standardized tests are administered to
children with specific disabilities, a developmental delay, or at risk because the tests are
primarily normed on typically developing children (McLean, 2005).
Furthermore, data from standardized, norm-referenced tests may not be useful once
eligibility has been determined. The test items included in the standardized, norm-referenced
tests were written to discriminate between groups of children, not to reflect knowledge or skills
that children need to achieve (Neisworth & Bagnato, 2004). In other words, standardized tests
may lack instructional relevance (Gickling & Thompson, 1985; Morison, White, & Feuer, 1996).
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The test items in these standardized tools may not be reflective of the instructional curriculum,
thus creating a gap between assessment and instruction (Gickling & Thompson, 1985).
Consequently, classroom teachers would have difficulty using data from these tests to identify
specified goals and objectives for program and instructional planning.
Due to the limitations in using standardized instruments to link assessment to curriculum
and instruction, curriculum-based assessment (CBA) has emerged. According to Deno (1987),
CBA can be defined as “direct observation and recording of a student’s performance in the local
curriculum as a basis for gathering information to make instructional decisions” (p. 41). The
main purpose of using CBA is to determine the instructional needs of the learner (Burns,
MacQuarrie, & Campbell, 1999). CBA test items are sampled from the curriculum (Potter &
Wamre, 1990) and the test results should be used to compare a child’s performance to his or her
previous performance criteria instead of comparing a child’s performance to one’s peers or
normative data (Burns, MacQuarrie, & Campbell, 1999).
From this educational perspective, Smart Start Preschool Movement Curriculum was
developed by Wessel and Zittel (1995). This assessment tool, a curriculum-based and criterionreferenced instrument, may be considered as one that can be useful in designing movement
programs for preschoolers. This movement curriculum is for teachers to use developmentally
appropriate practices to observe and assess preschoolers with/without disabilities and also to
provide teachers with help planning instruction responsive to the unique needs and interests of
preschoolers with/without disabilities (Wessel & Zittel, 1995).
Although Smart Start has been used to help preschool classroom teachers and physical
educators plan and implement movement programs, there is limited research on validity and
reliability evidence for Smart Start. One study by Ong (2001) examined the reliability evidence
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of Smart Start for 28 preschoolers aged 36 to 72 months with/without a developmental delay
and/or disability. The results from the study indicated that Smart Start had good inter-rater
reliability (r = .77- 1.00) and intra-rater reliability (r = .84- 1.00) for seven locomotor skills
(crawl/creep, walk, run, jump down, jump over, hop, and gallop).
There are a few limitations in the study by Ong (2001). First, only reliability evidence of
seven locomotor skills (crawl/creep, walk, run, jump down, jump over, hop, and gallop) were
examined. Smart Start includes locomotor, object control, orientation, and play skills. In order to
determine FMS of preschoolers, both locomotor and object control skills should be examined.
Second, the study focused on investigating reliability evidence, and did not examine validity
evidence for Smart Start. Currently, Smart Start has content and context validity. According to
Yun and Ulrich (2002), validity evidence about the data or inferences made based on the results
of measurements cannot be provided by content and context validity alone.
Significance of the Study

FMS of preschoolers with a developmental delay and/or disability play a crucial role in
establishing a foundation for specific sports skills and an active lifestyle. Assessment is
considered a part of the instructional process and serves an important role in intervention and
instruction. In order to provide preschoolers with high-quality movement program, physical
educators and preschool teachers should use appropriate assessment tools for measuring FMS.
Smart Start is a curriculum-based and criterion-referenced assessment tool. The
instrument has been used in the field of early childhood, but there is limited research on
reliability and validity evidence for Smart Start.
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Purpose of the Study
The purpose of the study is to investigate concurrent validity evidence and inter-rater
and intra-rater reliability of Smart Start (Wessel & Zittel, 1995) for locomotor (run, gallop, hop,
leap, horizon jump, and slide) and object control (strike, bounce, catch, kick, overhand throw,
and roll a ball) skills for preschoolers with and without a developmental delay and/or a disability.
A disability in this study is defined as children with a developmental delay and/or a specific
disability and those at risk for a developmental delay.
Research Questions

In this study, the following research questions were examined:
(a) Will a rater demonstrate acceptable intra-rater reliability when measuring locomotor
and object control skills of preschoolers with a disability using Smart Start-2?
(b) Will a rater demonstrate acceptable intra-rater reliability when measuring locomotor
and object control skills of preschoolers without a disability using Smart Start-2?
(c) Will two raters establish acceptable inter-rater reliability when assessing locomotor
and object control skills of preschoolers with a disability using Smart Start-2?
(d) Will two raters establish acceptable inter-rater reliability when assessing locomotor
and object control skills of preschoolers without a disability using Smart Start-2?
(e) Will total scores of locomotor (run, gallop, hop, leap, horizon jump, and slide) and
object control (strike, bounce, catch, kick, overhand throw, and roll a ball) skills from Smart
Start-2 show acceptable levels of correlations with TGMD-2 scores for preschoolers with a
disability?
(f) Will total scores of locomotor (run, gallop, hop, leap, horizon jump, and slide) and
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object control (strike, bounce, catch, kick, overhand throw, and roll a ball) skills from Smart
Start-2 show acceptable levels of correlations with TGMD-2 scores for preschoolers without a
disability?

METHODS

Participants

A total of 109 preschool-aged children (37 – 64 months of age) with/without a
developmental delay and/or a disability, including those at risk for a developmental delay, were
recruited from two early childhood centers in the northern Illinois area. A developmental delay is
defined as a clinical presentation with various disorders related to age-specific deficits in
learning skills and adaptation (Shevell et al., 2003). Preschoolers with a developmental delay
may or may not have other health conditions, such as cerebral palsy and certain neuromuscular
disorders. For the purpose of this study, however, preschoolers with physical disabilities were not
recruited.
Of the 109 participants, 92 preschoolers were videotaped. Twelve participants were
absent when the investigator attempted to film their performance. Three participants refused to
take part in this study, and two participants were not able to finish performing the 12
fundamental movement skills. One child with a physical disability was filmed, at the request of
the parents, but the participant was excluded from data analysis because of a physical disability.
A total of 60 participants (19 preschoolers with a disability, 13 preschoolers at risk for a
developmental delay who were randomly selected from 44 participants, and 28 preschoolers
without a disability) were included in this study. Research studies including participants with a
disability have had participant numbers in the range of 20 to 99 with a median participant
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number at 25 (e.g., Capio, Sit, & Abernethy, 2011; Houwen et al., 2010; Houwen, Visscher,
Hartman, & Lemmink, 2007; Kim, Park, & Kang, 2012; Ong, 2001; Simon et al., 2008; Staples
& Reid, 2010).
The mean age of all participants, preschoolers with a disability, and preschoolers without
a disability in this study were 50.98 months (SD = 7.86, range 37 – 64), 53.28 months (SD =
7.28), and 48.35 months (SD = 7.78). Most of the participants in this study were Caucasian
(71.6%) followed by African American (16.7%), Hispanic (8.3%), and Asian (3.4%). The
directors of two early childhood centers confirmed the participants’ disability diagnosis. The
investigator was not able to have access to each participant’s personal information regarding
disability diagnosis due to school district policy. The demographic characteristics of each group
are presented in Table 1.

Table 1
Demographic Characteristics of the Sample (Percentage)

Groups
Total (N = 60)

C.
71.6%

Ethnicity
A.A.
H.
16.7%
8.3%

A.
3.4%

Age (months)
36 - 47
48-59
60 - 71
36.7%
46.7%
16.6%

DD/D (n = 32)
71.9%
12.5% 15.6%
0%
25%
50%
25%
w/o DD/D
(n = 28)
71.4%
21.4%
0%
7.2%
50%
42.9%
7.1%
Note. C. = Caucasian, A.A. = African American, H. = Hispanic, and A. = Asian. DD/D =
Preschoolers with a disability. W/o DD/D = Preschoolers without a disability.

Instruments
Smart Start: Preschool Movement Curriculum for Children of All Abilities
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Smart Start is a movement curriculum designed for classroom teachers to observe and
assess preschoolers as well as plan instruction responsive to the needs and interests of children of
all abilities (Wessel & Zittel, 1995). Smart Start includes not only teaching materials to
implement a curriculum but also curriculum-based and criterion-referenced assessment
checklists for locomotor skills, object control, orientation, and play skills.
Smart Start has a few unique features as a curriculum-based assessment. First, each
child’s assessment data can be used for planning instructional lessons. Each Smart Start skill is
task-analyzed into specific key elements that preschoolers need to achieve, and the key elements
become the instructional objectives for each program planned (Wessel & Zittel, 1995). Since the
instructional objectives play a role as the assessing/instructional focus for teaching, the teacher
determines the child’s status and monitors each child’s progress by assessing the child’s
performance. As a result, the teacher can adjust his or her instructional lesson based on the
child’s assessment data.
Second, Smart Start offers practical procedures to develop and design effective
instructional programs for all children. To develop and design an effective instructional program,
the authors present the three Cs of curriculum design: Content, Construction, and Contact. The
three C’s provide teachers with directions for designing appropriate movement environments.
The acronym LOOP represents Locomotor, Orientation, Object control, and Play participation
(Wessel & Zittel, 1995), and the LOOP model directly outlines the content related to the
program goals and objectives. After the decision related to content is made, the authors
recommend constructing or designing the movement setting. There are three basic types of
settings that the authors suggest for the design of the children’s movement environment. The last
criterion, contact, relates to the teacher-environment interaction. The authors recommend that
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children have more contact with equipment and their peers versus teacher-directed interactions.
According to Wessel and Zittel (1995), teachers should be observers or facilitators in order to
increase each child’s practice time on specific tasks.
Smart Start has been recently revised, and Smart Start-2 content used in this study
included the updated locomotor and the updated object control checklists. These checklists
include 14 fundamental movement skills divided into two subscales: locomotor (run, gallop, hop,
leap, horizontal jump, jump down, and slide) and object control (strike, bounce, catch, kick,
overhand throw, underhand throw, and roll a ball). For purpose of the study, the investigator
omitted the skills of jump down and underhand throw. Each movement skill has 3 to 5 key
elements. Participant performance was rated as “1” if the key element within the skill was
performed or “0” if the key element was not performed. Participants were asked to perform every
skill twice. When the child displayed the key element during both trials, the examiner scored a
“1”. In order to calculate total raw scores for each subscale, the participant’s points were
summed. The highest total raw score for the locomotor subscale is 27 and for the object control
skill subscale it is 30.
Test of Gross Motor Development- Second Edition (TGMD-2)

This study used TGMD-2 as a criterion measurement because TGMD-2 has been
examined for content, construct, and criterion validity evidence provided by the test author
(Ulrich, 2000) and other researchers (e.g., Houwen et al., 2010; Simons et al., 2008). TGMD-2
has been widely used to assess fundamental movement skills for typically developing children
(e.g., Hardy et al., 2010; Robinson & Goodway, 2009), individuals with cerebral palsy (e.g.,
Capio et al., 2011), school-age children with a visual impairment (Houwen et al., 2010), and
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school-age children with intellectual disabilities (e.g., Simons et al., 2008).
TGMD-2 is a norm- and criterion-referenced process-oriented test that is designed to
qualitatively assess fundamental gross motor skills of children 3 to 10 years of age (Ulrich,
2000). The assessment tool includes a total of 12 fundamental gross motor skills that are
composed of two subscales. Six skills comprise the locomotor subscale (run, slide, gallop, jump,
hop, and leap) and the object control subscale consists of six skills (strike, bounce, overhand
throw, catch, kick, and underhand roll).
For this study each skill of TGMD-2 was performed twice. The skill performance was
evaluated by the sum of the points earned based on predetermined performance criteria on each
skill (3 to 5 criteria, depending on skill). One point was given for each predetermined
performance criteria when a participant displayed the criteria correctly. The highest total raw
score for locomotor and object control skills is 96. The raw scores can be converted into
percentile ranks and standard scores.
Procedure

Recruitment

Recruitment and data collection were conducted after receiving approval from the
Northern Illinois University Institutional Review Board (IRB). Preschoolers from two early
childhood centers in the northern Illinois area were recruited to participate in this study.
Directors working in the two early childhood centers were contacted via email. A formal letter of
invitation summarizing the purpose of this study was sent to the directors of the two childhood
centers. Teachers from the centers who agreed to participate in this study sent parental consent
forms (see Appendix A) to parent(s) or guardian(s). Parents and guardians were asked to return
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the consent forms to the teachers. The teachers collected the parental consent forms and gave a
list of approved participants with and without a disability to the investigator. Participants with
parental informed consent had an opportunity to give their verbal assent prior to participating
(see Appendix B) in the study. Participants’ parents and guardians had to sign the informed
consent form in order for their child participate in this study.
Data Collection

After the investigator received parental consent forms, the investigator scheduled 7 days
to film participants with a disability. Participants without a disability were filmed 12 months
prior. All participants were asked to perform 12 fundamental movement skills (run, gallop, hop,
leap, horizontal jump, slide, strike, bounce, catch, kick, overhand throw, and roll a ball). The
measurements took place in the two early childhood centers’ indoor facilities. Instructions for
each skill were given and the investigator demonstrated the proper technique (described in both
TGMD-2 and Smart Start-2) before each test. Two attempts per each skill were given to each
participant and all participants’ performances were recorded. A camcorder was used to record
participants’ performance.
Rater Training

In addition to the investigator, two raters were recruited. The raters were all graduate
students at Northern Illinois University, had experience in administering TGMD-2, and taught
preschoolers with/without a disability. In order for the three raters to achieve both accuracy and
consistency in scoring Smart Start and TGMD-2, they received training prior to the start of data
analysis.
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The training was conducted based on the rater training procedure by Darst, Zakrajsek,
and Mancini (1989). The training procedure by Darst et al. (1989) was for systematic observation
tools and consisted of five phases: (a) orientation to the system, (b) learning the categories, (c)
using the coding form correctly, (d) initial coding practice, and (e) live observation practice. The
training procedure has been used in other studies by Brewer and Jones (2002), Partington and
Cushion (2013), and Roberts and Fairclough (2012).
In this study, the training procedure was modified. There were three sessions including
(a) an introductory session to describe the instrument in detail (orientation to each instrument
including the coding form), (b) a review of key elements (learning the skills), and (c) coding
practice to establish intra- and inter-rater reliability using training video clips. Live observation
practice was not necessary for this study since actual data analysis was for coding video clips.
The three raters received training for Smart Start-2 first and then the same protocol was followed
to train on TGMD-2.
Introductory Session

The aim of this session was to familiarize the three raters with the testing and scoring
procedures for each instrument. To complete this session, an hour per each instrument was
needed. An expert who is co-author of Smart Start provided the introductory instruction, which
described testing and scoring procedures for each instrument.
Review Session

In this session, each key element for each skill of Smart Start-2 and TGMD-2 were
discussed. A discussion about specific scoring issues took place among the three raters and two
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experts after watching training video of preschoolers’ fundamental movement skills. This review
session took two hours to be completed. The training video included mature fundamental
movement skill performances by a male graduate student in Adapted Physical Activity and skill
performances of preschoolers without a disability. After watching the training video clips, each
rater performed/practiced each fundamental movement skill.
Coding Practice

The three raters practiced coding three video clips to establish intra-rater and inter-rater
reliability for Smart Start-2 and TGMD-2 before coding actual videos of the study participants.
The raters independently scored three videos using Smart Start first and then scored all
three videos using TGMD-2. Videos I and II had 14 different preschoolers performing 14
fundamental movement skills. Video III was a film of a preschooler with a developmental delay
performing the 14 fundamental movement skills. Each rater assessed the three videos twice using
Smart Start-2 with a two-day interval between the first and second viewing. After establishing
intra-rater and inter-rater reliability of Smart Start-2, the raters independently scored the three
videos using TGMD-2. The same protocol was used. In order to minimize sequencing effect, the
order of the children’s performances on the three training video clips was randomized.
A proportion of agreement and modified kappa (Looney & Gilbert, 2012) for each video
were calculated to determine intra-rater and inter-rater reliability for each rater. For inter-rater
reliability, scores from each rater were compared with gold standard scores established by two
experts. Each of the two experts had a doctoral degree with a specialization in Adapted Physical
Activity and experience using both Smart Start-2 and TGMD-2 for children with and without a
disability.
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Although there is no fully authorized minimum standard, sufficiently high levels of
proportion of agreement are from .80 to .85 (Darst, Zakrajsek, & Mancini, 1989; Hartmann,
1977; Johnson & Bolstad, 1973). In this study, a proportion of agreement had to be at least .85,
and modified kappa coefficient had to be estimated at .70 or higher in order to initiate actual data
analysis (Gelfland & Hartmann, 1975). The proportion of agreement was calculated with raw
scores of each key element of locomotor and object control skills. For modified kappa coefficient
(km), the following formula was used:
𝑘𝑚 =

observed agreement−1/2
1−1/2

(1)

In the formula, observed agreement stands for the proportion of agreement and chance is
determined as 1/k where k equals the number of classification categories (Looney & Gilbert,
2012).
For intra-rater and inter-rater reliability, in order to establish .85 proportion of agreement
on each training video clip using Smart Start-2, a match of at least 48 out of a total of 57
decisions per training video clip was required. When using TGMD-2, matching at least 78 out of
a total of 92 decisions per training video clip was required to establish .85 proportion of
agreement for each training video clip.
Inter-rater reliability using Smart Start-2. Table 2 provides the results of proportion of
agreement and modified kappa coefficient for inter-rater reliability of videos using Smart Start-2.
The average of proportion of agreement for inter-rater reliability of the videos using Smart Start2 in training session one was .87 (SD = .07, range .75 – .97).The mean of modified kappa
coefficient for inter-rater reliability of videos using Smart Start-2 in training session one was .73
(SD = .14, range .50 –. 94). Because the three raters were not individually able to reach .85
(proportion of agreement) for inter-rater reliability of the videos using Smart Start-2 with the
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experts at the training session one, the disagreements made by the three raters were discussed. At
the discussion, scoring issues such as degree of bending elbows, foot placement, and pushing or
slapping the ball were discussed by using the training video and re-watching mature and
typically developing children’s performance videos.
After the discussion, the three raters scored the videos again. Because rater 1 was able to
reach .85 proportion of agreement with the expert on videos I and II, rater 1 scored video III only
in the training session two. Likewise, rater 2 re-scored videos II and III, and rater 3 assessed all
videotaped performances of videos I, II, and III. The average of proportion of agreement for
inter-rater reliability of the videos using Smart Start-2 was .91 (SD = .03, range .88 – .95). See
the training session two on Table 2. The mean of modified kappa coefficient for inter-rater
reliability of videos using Smart Start-2 on training session two was .84 (SD = .07, range .76
– .94). Because all raters were able to reach higher than .85 proportion of agreement for interrater reliability for Smart Start with the experts, establishing inter-rater reliability for Smart Start2 was completed.
Table 2
Inter-rater Reliability - Proportion of Agreement and Modified Kappa Coefficient for Raters of
Videos Using Smart Start-2

TR I

TR II

V1 T1
T2
V2 T1
T2
V3 T1
T2
V1 T1
T2
V2 T1
T2
V3 T1

Rater1
Proportion Kappa
.95
.90
.90
.80
.93
.86
.91
.82
.86
.72
.83
.66
--------.95
.90

Rater2
Proportion Kappa
.90
.80
.95
.90
.83
.66
.77
.54
.79
.58
.83
.60
----.88
.76
.90
.80
.88
.76

Rater3
Proportion Kappa
.77
.54
.97
.94
.75
.50
.93
.86
.84
.68
.86
.72
.95
.90
.95
.90
.95
.90
.90
.94
.88
.76
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T2
.93
.86
.90
.80
Note. TR = Training; V = Video; T = Trial; -- = no need for re-coding.

.88

.76

Intra-rater reliability using Smart Start-2. The results of proportion of agreement and
modified kappa coefficient for intra-rater reliability of videos using Smart Start-2 are presented
in Table 3. The average of proportion of agreement for intra-rater reliability in the training
session one was .90 (SD = .08, range .75 – .98). The mean of modified kappa coefficient for
intra-rater reliability of videos using Smart Start-2 in training session one was .81 (SD = .16,
range .50 –. 96). Because each rater had to rescore at least one video to improve the inter-rater
reliability score, intra-rater reliability for video III was examined again for all raters.

Table 3
Intra-rater Reliability - Proportion of Agreement and Modified Kappa Coefficient for Raters of
Videos Using Smart Start-2
Rater1
Rater2
Proportion
Kappa
Proportion
Kappa
TR I
V1
.97
.94
.98
.96
V2
.95
.90
.91
.82
V3
.93
.86
.93
.86
TR II V1
----V2
--.93
.86
V3
.95
.90
.98
.96
Note. TR = Training; V = Video; -- = no need for re-coding.

Rater3
Proportion
Kappa
.75
.50
.81
.62
.95
.90
.95
.90
1
1
1
1

Inter-rater reliability using TGMD-2. Table 4 provides the results of proportion of
agreement and modified kappa coefficient for inter-rater reliability of the videos using TGMD-2.
For training session one for TGMD-2, the average of proportion of agreement for inter-rater
reliability of the videos using TGMD-2 was .89 (SD = .03, range .84 – .95). The mean of
modified kappa coefficient for inter-rater reliability of videos using TGMD-2 in training session
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one was .78 (SD = .06, range .68 –. 90). Even though the average of proportion of agreement for
TGMD-2 was .89, the raters had a meeting with the experts regarding scoring issues since the
raters could not individually reach .85 (proportion of agreement) for inter-rater reliability of the
videos using TGMD-2.
The three raters scored the videotaped performance again. In training session two for
TGMD-2, the average of proportion of agreement for inter-rater reliability of the videos using
TGMD-2 was .89 (SD = .03, range .83 – .93). The mean of modified kappa coefficient for interrater reliability of videos using TGMD-2 in training session two was .79 (SD = .07, range .66 –.
86). Because all raters achieved higher than .85 proportion of agreement with the experts, the
training session two was completed.

Table 4
Inter-rater Reliability - Proportion of Agreement and Modified Kappa Coefficient for Raters of
Videos Using TGMD-2
Rater1
Rater2
Proportion Kappa
Proportion Kappa
TR I V1
T1
.90
.80
.91
.82
T2
.84
.68
.91
.82
V2
T1
.85
.70
.88
.76
T2
.86
.72
.87
.74
V3
T1
.88
.76
.91
.82
T2
.90
.80
.89
.78
TR II V1
T1
.90
.80
--T2
----V2
T1
.93
.86
.92
.84
T2
---V3
T1
.88
.76
.83
.66
T2
----Note. TR = Training; V = Video; T = Trial; -- = no need for re-coding.

Rater3
Proportion Kappa
.95
.90
.94
.88
.87
.74
.87
.74
.89
.78
.90
.80
----.89
.78
--.90
.80
---

Intra-rater reliability using TGMD-2. The results of proportion of agreement and
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modified kappa coefficient for intra-rater reliability of the videos using TGMD-2 are presented in
Table 5. The average of proportion of agreement for intra-rater reliability using TGMD-2 in the
training session one was .97 (SD = .02, range .94 – 1). The mean of modified kappa coefficient
for intra-rater reliability of videos in training session one was .95 (SD = .04, range .88 – 1). Since
all raters’ intra-rater reliability scores were much higher than the required minimum level, the
training was completed.

Table 5
Intra-rater Reliability - Proportion of Agreement and Modified Kappa Coefficient for Raters of
Videos Using TGMD-2
Rater1

TR I

Rater2

Rater3

Proportion

Kappa

Proportion

Kappa

Proportion

Kappa

V1

.94

.88

.99

.98

.95

.90

V2

.99

.98

.99

.98

1

1

V3

.95

.90

.98

.98

.97

.94

Note. TR = Training; V = Video.

Confidentiality
Parental consent forms, participants’ demographic information sheet, and filled-out score
sheets were stored in a locked cabinet. When the recording was completed, the investigator came
back to a private office and the video files were stored to a password-protected laptop. When
moving the video files to the laptop was finished, the video files were erased from the camera.
The scores were also saved using a Microsoft Excel program on a password-protected laptop.
Data Coding
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The investigator, rater 1, scored all participants’ videotaped performances twice using
Smart Start-2 and TGMD-2 with an interval of one week between the first and second scoring
sessions. The two other raters each scored videotaped performances of 30 participants (14 from
the group of preschoolers without a disability and 16 from the group of preschoolers with a
disability) using Smart Start-2 and TGMD-2 with an interval of one week between the first and
the second scoring sessions.
Data coding was completed by the three raters in four weeks. During the four weeks, each
rater independently scored the participants’ videotaped performances using either Smart Start-2 or
TGMD-2. In the first week, raters 1 and 2 scored the participants’ performances using Smart Start2, while rater 3 scored 30 participants’ performances using TGMD-2. In the second week, raters 1
and 2 scored the participants’ performances using TGMD-2 and rater 3 scored participants’
performances using Smart Start-2. In order to establish intra-rater reliability for Smart Star-2, the
same protocol was used during the third and fourth weeks.
Data Analysis

Descriptive statistics of the participants were calculated using SPSS (Version 20.0, IBM
Corp., 2011) statistical software. The raw scores of each locomotor and object control skill as
well as sum of locomotor, object control skills, and overall total scores using Smart Start-2 and
TGMD-2 were calculated separately for both groups of participants with and without a disability.
Concurrent Validity

To examine concurrent validity (criterion-related evidence for validity) evidence of
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Smart Start-2, a total of six Pearson correlation coefficients between Smart Start-2 and TGMD-2
were separately calculated with the sum of locomotor skills, object control skills, and overall
total scores for each group. For establishing validity evidence for Smart Start-2, the first trial
scores of Smart Start-2 and TGMD-2 by rater 1 were used for calculation.
Reliability

Using proportion of agreement, modified kappa coefficient (km), and the intraclass
correlation coefficient (ICC) with 95% confidence intervals, inter-rater and intra-rater reliability
evidence for Smart Start-2 and TGMD-2 were separately calculated for each group. For interrater reliability for the two assessments, the first trial scores of each rater were analyzed. The
proportion of agreement and modified kappa coefficient were calculated using the raw scores of
each key element of locomotor and object control skills. The ICC with 95% confidence intervals
were analyzed using one-way analysis of variance (ANOVA) model. The predetermined alpha
level was .05. Separate analyses were performed using the sum of locomotor skills, object
control skills, and overall total scores for each group.

RESULTS

Descriptive Statistics

Table 6 and Table 7 show the mean of raw scores of the two different assessment
instruments by groups and total participants. There was a participant who missed three
fundamental movement skills and two participants who missed one fundamental movement skill.
In the data set, the missing skills were considered as missing values. The total score of the
participants was calculated without missing values. First trial scores of rater 1 were only used to
calculate the mean of raw scores of the two different assessment instruments by groups and total
participants. Preschoolers without a disability had higher scores measured by both Smart Start-2
and TGMD-2 than preschoolers with a disability.
Table 6
The Mean of Raw Scores of Smart Start-2 for Participants
Locomotor Skills
Groups

M

SD

Object Control Skills
M

SD

Total score
M

SD

Total
13.3
4.55
13.3
4.09
26.6
7.87
(N = 57)
wD
11.8
4.51
11.5
3.42
23.3
6.92
(n = 31)
w/o D
15.0
4.00
15.4
3.83
30.4
7.20
(n = 26)
Note. The max score of the Smart Start-2 is 57 in this study. W D = Preschoolers with a
disability. W/o D = Preschoolers without a disability.
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Table 7
The Mean of Raw Scores of TGMD-2 for Participants
Locomotor Skills
Groups

M

SD

Object Control Skills
M

SD

Total Score
M

SD

Total
21.8
6.01
23.7
6.13
45.5
10.57
(N = 57)
wD
21.1
6.74
22.4
5.79
43.5
10.86
(n = 31)
w/o D
22.5
5.02
25.3
6.25
47.8
9.91
(n = 26)
Note. The max score of TGMD-2 is 92 in this study. W D = Preschoolers with a disability. W/o
D = Preschoolers without a disability.

Concurrent Validity

Pearson correlation coefficients between total scores measured with Smart Start-2 and
TGMD-2 for all participants, preschoolers with a disability, and preschoolers without a disability
were .89, p < .01, .92, p < .01, and .92, p < .01, respectively. Pearson correlation coefficients
between the sums of locomotor skills measured with Smart Start-2 and TGMD-2 for all
participants, preschoolers with a disability, and preschoolers without a disability were .86, p
< .01, .89, p < .01, and .87, p < .01, respectively. Pearson correlation coefficients between the
sums of object control skills measured with Smart Start-2 and TGMD-2 for all participants,
preschoolers with a disability, and preschoolers without a disability were .87, p < .01,.89, p < .01,
and .90, p < .01, respectively.
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Reliability

Intra-rater Reliability

Tables 8, 9, and 10 show intra-rater reliability evidence for Smart Start-2 and TGMD-2
on all participants, preschoolers with a disability, and preschoolers without a disability. For intrarater reliability evidence for Smart Start-2 and TGMD-2, rater 2 and rater 3 scored 30
participants’ videotaped performances and the scores were analyzed.

Table 8
Intra-rater Reliability for Smart Start-2 and TGMD-2 on All Participants Summarized Across
Each FMS (Mean, SD)
Smart Start-2
R1
R2
R3
(n = 60)
(n =
(n =
30)
30)
.92 (SD .93 (SD .91 (SD
= .04)
= .03)
= .05)

TGMD-2
R1
R2
R3
(n =
(n =
(n =
60)
30)
30)
.90 (SD .90 (SD .93 (SD
= .05)
= .05)
= .04)

All
All
(n =
(n=
120)
120)
Proportion
.92
.91
of agreement
(SD
(SD= .
= .04)
05)
Modified
.83
.81 (SD .81 (SD .86 (SD
.84 (SD .84 (SD .86 (SD .82 (SD
kappa
(SD
= .08)
= .06)
= .10)
= .09)
= .09)
= .09)
= .08)
coefficient
= .08)
ICC
.96
.97 (.95 .97 (.88 .95 (.91
.96 (.94 .95 (.92 .97 (.94 .96 (.91
(95% C.I.)*
(.94
– .98)
– .97)
– .98)
– .97)
– .97)
– .99)
– .98)
– .97)
Note. R1 = Rater 1, R2 = Rater 2, and R3 = Rater 3. * Means and SDs computed for lower limits
and upper limit separately.

The average of proportions of agreement, across three raters, for intra-rater reliability
using Smart Start-2 on all participants, preschoolers with a disability, and preschoolers without a
disability were .92 (SD= .04, range .76 – 1.00), .91 (SD = .04, range .76 – .98), and .91 (SD
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= .05, range .77 – 1.00), respectively. The means of modified kappa coefficient, across three
raters, for intra-rater reliability using Smart Start-2 on all participants, preschoolers with a
disability, and preschoolers without a disability were .83 (SD = .09, range .52– 1.00), .83 (SD
= .09, range .60 – .96), and .83 (SD = .10, range .52– 1.00), respectively. The means of ICC for a
single measure of intra-rater reliability using Smart Start-2 on all participants, preschoolers with
a disability, and preschoolers without a disability were .96 (95% confidence interval: .94
– .97), .96 (95% confidence intervals: .90 – .97), and .96 (95% confidence interval: .93 – .98),
respectively.

Table 9
Intra-rater Reliability for Smart Start-2 and TGMD-2 on Preschoolers with a Disability
Summarized Across Each FMS (Mean, SD)
Smart Start-2
R1
R2
(n = 32) (n = 16)

TGMD-2
R1
R2
(n = 32) (n = 16)

All
R3
All
R3
(n =
(n = 16)
(n =
(n = 16)
64)
64)
Proportion
.91
.90 (SD .91 (SD
.92
.92
.92 (SD
.92
.92
of
(SD
= .05)
= .04)
(SD
(SD
= .04)
(SD
(SD
agreement = .04)
= .04)
= .04)
= .03)
= .05)
Modified
.83
.80 (SD .82 (SD
.85
.84
.83 (SD
.85
.84
kappa
(SD
= .08)
= .09)
(SD
(SD
= .09)
(SD
(SD
coefficient = .08)
= .08)
= .08)
= .06)
= .10)
.96
.94
.96
.97
.95
ICC
(.90 .95 (.90 .94 (.83
(.84
(.93
.96 (.91
(.92
(.87 – .
(95% C.I.)* – .97) – .98)
– .98)
– .98)
– .98)
– .98)
– .99)
98
Note. R1 = Rater 1, R2 = Rater 2, and R3 = Rater 3. * Means and SDs computed for lower limits
and upper limit separately.

The means of the first trial scores and the second trial scores using Smart Start-2 by rater
1 for preschoolers with a disability were 22.88 (SD = 7.09) and 22.31 (SD = 6.76), respectively.
The result of a one-way repeated-measures ANOVA for total scores of Smart Start-2 for
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preschoolers with a disability did not show significant differences, F (31, 1) = 2.067, p = .161,
within rater 1. The means of the first trail scores and the second trial scores using Smart Start-2
by rater 1 for preschoolers without a disability were 29.46 (SD = 7.78) and 29.61 (SD = 7.84),
respectively. The result of a one-way repeated-measures ANOVA for total scores of Smart Start-2
for preschoolers without a disability did not show significant differences, F (27, 1) = .185, p
= .671, within rater 1.

Table 10
Intra-rater Reliability for Smart Start-2 and TGMD-2 on Preschoolers Without a Disability
Summarized Across Each FMS (Mean, SD)
Smart Start-2
R1
R2
(n = 28) (n = 14)

TGMD-2
R1
R2
R3
(n = 28) (n = 14) (n = 14)

All
R3
All
(n =
(n = 14) (n =
56)
56)
Proportion
.91
.90 (SD .90 (SD .93 (SD
.92
.92 (SD .93 (SD .90 (SD
of agreement
(SD
= .05)
= .03)
= .03) (SD= .0 = .03)
= .03)
= .04)
= .04)
4)
Modified
.83
.81 (SD .79 (SD .87 (SD .83 (SD .84 (SD .87 (SD .80 (SD
kappa
(SD
= .10)
= .09)
= .07)
= .07)
= .07)
= .06)
= .09)
coefficient
= .10)
ICC
.96
.98 (.95 .95 (.86 .93 (.78 .96 (.96 .96 (.91 .97 (.92 .92 (.78
(95% C.I.)*
(.93
– .98)
– .98)
– .98)
– .98)
– .98)
– .99)
– . 97
– .98)
Note. R1 = Rater 1, R2 = Rater 2, and R3 = Rater 3. * Means and SDs computed for lower limits
and upper limit separately.

The means of the first trial scores and the second trial scores using Smart Start-2 by rater
2 for preschoolers with a disability were 21.38 (SD = 6.39) and 21.50 (SD = 6.91), respectively.
The result of a one-way repeated measures ANOVA for total scores of Smart Start-2 for
preschoolers with a disability did not show significant differences, F (15, 1) = .044, p = .837,
within rater 2. The means of the first trail scores and the second trial scores using Smart Start-2
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by rater 2 for preschoolers without a disability were 25.14 (SD = 8.19) and 23.93 (SD = 8.05),
respectively. The results of a one-way repeated-measures ANOVA for total scores of Smart Start2 for preschoolers without a disability did not show significant differences, F (13, 1) = 3.258, p
= .094, within rater 2.
The means of the first trial scores and the second trial scores using Smart Start-2 by rater
3 for preschoolers with a disability were 18.94 (SD = 7.10) and 20.94 (SD = 7.01), respectively.
The result of a one-way repeated-measures ANOVA for total scores of Smart Start-2 for
preschoolers with a disability showed significant differences, F (15, 1) = 10.909, p = .005, within
rater 3. The means of the first trail scores and the second trial scores using Smart Start-2 by rater
3 for preschoolers without a disability were 29.57 (SD = 5.84) and 30.43 (SD = 5.95),
respectively. The results of a one-way repeated-measures ANOVA for total scores of Smart Start2 for preschoolers without a disability did not show significant differences, F (13, 1) = 1.975, p
= .183, within rater 3.
The average of proportions of agreement, across three raters, for intra-rater reliability
using TGMD-2 on all participants, preschoolers with a disability, and preschoolers without a
disability were .91 (SD = .05, range .79 – 1.00), .92 (SD = .04, range .79 – 1.00), and .92 (SD
= .04, range .85 – .99), respectively. The means of modified kappa coefficient, across three
raters, for intra-rater reliability using TGMD-2 on all participants, preschoolers with a disability,
and preschoolers without a disability were .84 (SD = .09, range .57– 1.00), .83 (SD = .08,
range .57 – 1.00), and .83 (SD = .08, range .64 – .97), respectively. The means of ICC for a
single measure of intra-rater reliability using TGMD-2 on all participants, preschoolers with a
disability, and preschoolers without a disability were .96 (95% confidence interval: .94
– .97), .96 (95% confidence intervals: .93 – .98), and .96 (95% confidence intervals: .96 – .98),
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respectively.
The means of the first trial scores and the second trial scores using TGMD-2 by rater 1
for preschoolers with a disability were 42.84 (SD = 11.22) and 41.59 (SD = 11.66), respectively.
The result of a one-way repeated-measures ANOVA for total scores of TGMD-2 for preschoolers
with a disability showed significant differences, F (31, 1) =4.258, p = .048, within rater 1. The
means of the first trial scores and the second trial scores using TGMD-2 by rater 1 for
preschoolers without a disability were 46.36 (SD = 11.11) and 45.25 (SD = 12.15), respectively.
The result of a one-way repeated-measures ANOVA for total scores of TGMD-2 for preschoolers
without a disability did not show significant differences, F (27, 1) = 3.041, p = .093, within rater
1.
The means of the first trial scores and the second trial scores using TGMD-2 by rater 2
for preschoolers with a disability were 39.25 (SD = 10.40) and 39.07 (SD = 10.40), respectively.
The result of a one-way repeated-measures ANOVA for total scores of TGMD-2 for preschoolers
with a disability showed significant differences, F (15, 1) = 6.000, p = .027, within rater 2. The
means of the first trial scores and the second trial scores using TGMD-2 by rater 2 for
preschoolers without a disability were 37.75 (SD = 10.51) and 37.86 (SD = 10.47), respectively.
The result of a one-way repeated-measures ANOVA for total scores of TGMD-2 for preschoolers
without a disability did not show significant differences, F (13, 1) = 3.609, p = .080, within rater
2.
The means of the first trial scores and the second trial scores using TGMD-2 by rater 3
for preschoolers with a disability were 38.75 (SD = 10.63) and 36.25 (SD = 11.42), respectively.
The result of a one-way repeated-measures ANOVA for total scores of TGMD-2 for preschoolers
with a disability showed significant differences, F (15, 1) = 8.621, p = .010, within rater 3. The
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means of the first trial scores and the second trial scores using TGMD-2 by rater 3 for
preschoolers without a disability were 46.15 (SD = 10.30) and 44.79 (SD = 9.99), respectively.
The result of a one-way repeated-measures ANOVA for total scores of TGMD-2 for preschoolers
without a disability did not show significant differences, F (13, 1) = 1.618, p = .226, within rater
3.
Inter-rater Reliability

Tables 11, 12, and 13 show inter-rater reliability evidence for Smart Start-2 and TGMD2 on all participants, preschoolers with a disability, and preschoolers without a disability. For
inter-rater reliability evidence for Smart Start-2 and TGMD-2, rater 2 and rater 3 scored 30
participants’ videotaped performances twice, and inter-rater reliability evidence between rater 1
and rater 2 and rater 1 and rater 3 were calculated.

Table 11
Inter-rater Reliability for Smart Start-2 and TGMD-2 on All Participants Summarized Across
Each FMS (Mean, SD)
Smart Start-2
R1/R2
R1/R3
(n =30)
(n = 30)

TGMD-2
R1/R2
(n = 30)

All
All
R1/R3
(n =
(n = 60)
(n = 30)
60)
Proportion of
.86
.85 (SD
.86 (SD
.87 (SD
.88 (SD
.85 (SD
agreement
(SD
= .05)
= .05)
= .05)
= .05)
= .04)
= .05)
Modified
.71
.70 (SD
.71 (SD
.73 (SD
.76 (SD
.70 (SD
kappa
(SD
= .10)
= .11)
= .09)
= .10)
= .08)
coefficient
= .11)
ICC
.93
.92
.94
.92
.96
.88
(95% C.I.)*
(.89
(.84
(.87
(.79 – .92) (.92 – .98) (.76 – .94)
– .96)
– .96)
– .97)
Note. R1 = Rater 1, R2 = Rater 2, and R3 = Rater 3. * Means and SDs computed for lower limits
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and upper limit separately.

The average of proportions of agreement, across three raters, for inter-rater reliability
using Smart Start-2 on all participants, preschoolers with a disability, and preschoolers without a
disability were .86 (SD = .05, range .74 – .95), .86 (SD = .05, range .78 – .99), and .87 (SD = .06,
range .80 – .94), respectively. The means of modified kappa coefficient for inter-rater reliability
using Smart Start-2 on all participants, preschoolers with a disability, and preschoolers without a
disability were .71 (SD = .11, range .42– .89), .72 (SD = .10, range .42–. 87), and .69 (SD = .10,
range .45– .89), respectively. The means of ICC for a single measure of inter-rater reliability
using Smart Start-2 on all participants, preschoolers with a disability, and preschoolers without a
disability were .93 (95% confidence interval: .89 – .96), .95 (95% confidence interval: .89 – .97),
and .89 (95% confidence interval: .72 – .95), respectively.

Table 12
Inter-rater Reliability for Smart Start-2 and TGMD-2 on Preschoolers with a Disability
Summarized Across Each FMS (Mean, SD)
Smart Start-2
TGMD-2
All
R1/R2
R1/R3
All
R1/R2
R1/R3
(n = 32)
(n =16)
(n = 16)
(n = 32)
(n = 16)
(n = 16)
Proportion of
.86 (SD
.87 (SD
.85 (SD
.86 (SD
.87 (SD
.85 (SD
agreement
= .05)
= .05)
= .04)
= .04)
= .04)
= .04)
Cohen’s Kappa
.72 (SD
.73 (SD
.70 (SD
.72 (SD
.74 (SD
.70 (SD
coefficient
= .10)
= .09)
= .10)
= .08)
= .08)
= .07)
ICC
.95
.96
.93
.91
.96
.85
(95% C.I.)*
(.89
(.90
(.80
(.81
(.90
(.63
– .97)
– .98)
– .97)
– .95)
– .99)
– .95)
Note. R1 = Rater 1, R2 = Rater 2, and R3 = Rater 3. * Means and SDs computed for lower limits
and upper limit separately.

The means of the first trial scores using Smart Start-2 for preschoolers with a disability
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by rater 1 and rater 2 were 22.88 (SD = 7.09) and 21.38 (SD = 6.39), respectively. The result of a
one-way repeated-measures ANOVA for total scores of Smart Start-2 for preschoolers with a
disability showed significant differences, F (15, 1) = 12.223, p = .003, between rater 1 and rater
2. The means of the first trial scores using Smart Start-2 for preschoolers without a disability by
rater 1 and rater 2 were 29.61 (SD = 7.84) and 25.14 (SD = 8.19), respectively. The result of a
one-way repeated-measures ANOVA for total scores of Smart Start-2 for preschoolers without a
disability did not show significant differences, F (13, 1) = 3.535, p = .083, between rater 1and
rater 2.
The means of the first trial scores using Smart Start-2 for preschoolers with a disability
by rater 1 and rater 3 were 22.88 (SD = 7.09) and 20.94 (SD = 7.01), respectively. The result of a
one-way repeated-measures ANOVA for total scores of Smart Start-2 preschoolers with a
disability showed significant differences, F (15, 1) = 7.166, p = .017. The means of the first trial
scores using Smart Start-2 for preschoolers without a disability by rater 1 and rater 3 were 29.61
(SD = 7.84) and 30.43 (SD = 5.95), respectively. The result of a one-way repeated-measures
ANOVA for total scores of Smart Start-2 for preschoolers without a disability did not show
significant differences, F (13, 1) = 3.106, p = .101, between rater 1 and rater 3.
The average of proportions of agreement, across three raters, for inter-rater reliability
using TGMD-2 on all participants, preschoolers with a disability, and preschoolers without a
disability were .87 (SD = .05, range .75 – .99), .86 (SD = .04, range .75 – .94), and .85 (SD = .05,
range .74 – .95), respectively. The means of modified kappa coefficient for inter-rater reliability
using TGMD-2 on all participants, preschoolers with a disability, and preschoolers without a
disability were .73 (SD = .09, range .50– .98), .72 (SD = .08, range .50 – .86), and .74 (SD = .11,
range .57 – .98), respectively. The means of ICC for a single measure of inter-rater reliability

34
using TGMD-2 on all participants, preschoolers with a disability, and preschoolers without a
disability were .92 (95% confidence interval: .87 – .95), .91 (95% confidence interval: .81 – .95),
and .92 (95% confidence interval: .87 – .97), respectively.

Table 13
Inter-rater Reliability for Smart Start-2 and TGMD-2 on Preschoolers Without a Disability
Summarized Across Each FMS (Mean, SD)
Smart Start-2
TGMD-2
All
R1/R2
R1/R3
All
R1/R2
R1/R3
(n = 28)
(n =14)
(n = 14)
(n = 28)
(n = 14)
(n = 14)
Proportion of
.85 (SD
.83 (SD
.86 (SD
.87 (SD
.88 (SD
.85 (SD
agreement
= .06)
= .05)
= .06)
= .06)
= .06)
= .05)
Cohen’s Kappa
.69 (SD
.66 (SD
.72 (SD
.74 (SD
.77 (SD
.70 (SD
coefficient
= .11)
= .10)
= .12)
= .10)
= .11)
= .09)
ICC
.89
.87
.91
.92
.96
.87
(95% C.I.)*
(.72
(.66
(.74
(.87
(.89
(.65
– .95)
– .96)
– .97)
– .97)
– .99)
– .96)
Note. R1 = Rater 1, R2 = Rater 2, and R3 = Rater 3. * Means and SDs computed for lower limits
and upper limit separately.

The means of the first trial scores using TGMD-2 for preschoolers with a disability by
rater 1 and rater 2 were 42.84 (SD = 11.22) and 39.25 (SD = 10.40), respectively. The result of a
one-way repeated-measures ANOVA for total scores of TGMD-2 for preschoolers with a
disability showed significant differences, F (15, 1) = 37.696, p = .000, between rater 1 and rater
2. The means of the first trail scores using TGMD-2 for preschoolers without a disability by rater
1 and rater 2 were 46.36 (SD = 11.11) and 39.07 (SD =10.40), respectively. The result of a oneway repeated-measures ANOVA for total scores of TGMD-2 for preschoolers without a disability
showed significant differences, F (13, 1) = 18.899, p = .001, between rater 1 and rater 2.
The means of the first trial scores using TGMD-2 for preschoolers with a disability by
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rater 1 and rater 3 were 42.84 (SD = 11.22) and 38.75 (SD = 10.63), respectively. The result of a
one-way repeated-measures ANOVA for total scores of TGMD-2 for preschoolers with a
disability did not show significant differences, F (15, 1) = 4.498, p = .051, between rater 1and
rater 3. The means of the first trial scores using TGMD-2 for preschoolers without a disability by
rater 1 and rater 3 were 46.36 (SD = 11.11) and 46.15 (SD = 10.30), respectively. The result of a
one-way repeated-measures ANOVA for total scores of TGMD-2 for preschoolers without a
disability did not show significant differences, F (13, 1) = 8.553, p = .012, between rater 1and
rater 3.

DISCUSSION

The purpose of this study was to investigate validity and reliability evidence of Smart
Start-2 for preschoolers with/without a disability. Concurrent validity evidence for Smart Start-2
demonstrated a large correlation with TGMD-2. In regard to intra- and inter-rater reliability
evidence for Smart Start-2, the results in this study indicated that the correlation coefficients of
both intra-rater and inter-rater reliability were strong, and there were also high proportions of
agreement between the raters and within a rater. Modified kappa coefficients were also high.
Concurrent validity evidence for Smart Start-2 was investigated using a Pearson
correlation coefficient. The Pearson correlation coefficients between Smart Start-2 and TGMD-2
for all participants, preschoolers with a disability, and preschoolers without a disability were all
above .85, p < .01. These results indicated that there was a large correlation between Smart Start2 and TGMD-2, and the correlations between the two assessments are not influenced by groups.
According to Hernandez-Nieto (2002), a correlation coefficient of less than .30 indicates a small
correlation, values between .30 and 60 indicate a moderate correlation, and above .60 indicates a
large correlation.
The results are similar to two other studies that examined validity evidence of a
fundamental movement skills (FMS) tool using TGMD-2 as a criterion. The research by Sun,
Sun, Zhu, Huang, and Hsieh (2011) reported a large correlation between TGMD-2 and
Preschooler Gross Motor Quality (PGMQ; r = .83, p < .001 for total scores). One hundred thirtyfive preschool children (69 boys and 66 girls) aged from 3 to 6 years (M = 60.15 months,
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SD = 12.66 months) attending three kindergartens in central Taiwan participated in the study. The
PGMQ is a FMS assessment tool including 17 items in three subscales of locomotion, object
manipulation, and balance for preschoolers aged from 3 to 6 years.
Williams et al. (2009) developed the Children’s Activity and Movement in Preschool
Study (CHAMPS) motor skills protocol (Williams et al., 2009) and compared CHAMPS with
TGMD-2. CHAMPS consists of 12 items in two subscales of locomotor and object control skills.
A large correlation between CHAMPS and TGMD-2 in a sample of 297 preschoolers without a
disability (158 boys, 139 girls) was reported (r = .98, p < .001 for total scores).
In the present study, the average proportions of agreement for both intra-rater and interrater reliability were higher than .85. These results indicated that there is a strong agreement
within a rater and between the two raters. There are standards for strength of agreement proposed
by Landis and Koch (1977): ≤ 0 = poor, .01-.20 = slight, .21-.40 = fair, .41-.60 =
moderate, .61-.80 = substantial, and .81-1 = almost perfect. Similar results of the proportions of
agreement between raters have been reported with a previous version of Smart Start in a sample
of 24 preschoolers aged from 36 to 72 months with varying abilities (Ong, 2001). In the study,
six raters who were preschool classroom teachers met at least 90% of agreement with the
researcher. However, only seven locomotor skills (walk, run, gallop, crawl/creep, hop, jump
down, and jump over) were used to investigate intra-rater and inter-rater reliability evidence in
the study.
Modified kappa coefficient and ICC were calculated in order to examine intra-rater and
inter-rater reliability evidence of Smart Start-2. The modified kappa coefficients in this study
were all above .65. There are no universally accepted criteria for reliability coefficients, but
kappa values are interpreted as follows (Altman, 1991): ≤ .20 = poor, .21-.40 = fair, .41-.60 =
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moderate, .61-.80 = good, and .81-1 = very good.
ICCs for both intra-rater and inter-rater reliability in this study were all above .85. These
results support the strong reliability evidence of the well-trained raters using Smart Start-2 in
preschoolers with/without a disability. ICC can be interpreted as follows (Sundvall, Ingerslev,
Knudsen, & Kirkegaard, 2013): 0 - 0.2 indicates poor agreement: 0.3 - 0.4 indicates fair
agreement; 0.5 - 0.6 indicates moderate agreement; 0.7 - 0.8 indicates strong agreement; and
>0.8 indicates almost perfect agreement.
Significant differences between the raters were found when computing a one-way
repeated-measures ANOVA. This may be because there was a tendency that rater 1 consistently
scored higher than rater 2 and rater 3. For Smart Start-2, rater 1 gave higher scores than rater 2
for 21 out of 30 participants (70%) when comparing first trial total scores. Rater 1 also gave
higher scores than rater 3 for 21 out of 30 participants (70%) when comparing first trial total
scores. For TGMD-2, rater 1 gave higher scores than rater 2 for 23 out of 30 participants
(76.67%) when comparing first trial total scores. When comparing first trial total scores by rater
1 and rater 3, rater 1 also gave higher scores to 24 out of 30 participants (80%).
There is limited research with preschool-aged children to examine inter-rater and intrarater reliability of the TGMD-2 and other FMS assessment tools. In the study by Valentini
(2012), high Cronbach’s alpha coefficient (α) results using TGMD-2 in a sample of 2,674
typically developing children (1,352 boys and 1,322 girls) from 3 to 10 years old (M = 7.56
years, SD = 1.91 years) have been also reported (α = .88 for inter-rater reliability and α
= .92– .99 for intra-rater reliability). The research by Williams et al. (2009) reported high
agreement of inter-rater reliability evidence for CHAMPS using ICC in a sample of preschoolers
without a disability (r = .94 for total scores).
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The previous studies involving preschoolers have reported higher coefficients than the
present study (r = .94 from the research by Williams et al. vs r = .89 from the present study).
There may be a few reasons. First, it may be because the sample sizes of the previous studies
were larger than the present study. According to Weiner and Craighead (2010), reliability
coefficients are reliant on the number of participants. A higher number of participants produces
higher reliability coefficients. The number of participants on the research by Sun et al. (2011),
research by Williams et al. (2009), and the research by Valentini (2012) were 135, 297, and
2,674, respectively. In the present study, however, the three raters established acceptable
reliability coefficients in the sample of 60 preschoolers with/without a disability.
Another possible reason for higher coefficients could be that the training hours in the
present study were relatively shorter than the training done in the research by Williams et al.
(2009). Williams et al. (2009) were the only ones to report how many hours of training the raters
in the study completed, how the raters were trained, and the raters’ qualifications. The research
by Williams et al. (2009) reported that two raters, who are professionals with a background in
motor development, completed approximately 51 hours of intensive training using videotapes
and observations before coding FMS data using CHAMPS. In the present study, the three raters
completed approximately 20 hours of intensive rater training including introductory, review, and
coding practice sessions. Although the coefficients were higher in Williams et al. (2009), the
feasibility of fewer training hours with still good coefficients may make training raters more
practical.
Limitation of the Study

There were a few limitations of this study. The first limitation of the study was the
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limited number of participants and their background. The participants in this study were recruited
from two early childhood centers located in the northern Illinois area. Additionally the majority
of participants in this study were Caucasian.
The second limitation of this study was space. In this study, the investigator followed the
instrument guidelines outlined in the TGMD-2 for distance and space for each skill except the
run. At both early childhood centers, the run distance was modified due to limited space. For
participants with a disability, the run distance was modified from 60 feet to 40 feet. For
participants without a disability, the run distance was modified from 60 feet to 32 feet. The space
for run may not be enough to see participants’ actual skill levels. It may be better to provide
participants with more space to perform running.
The third limitation of this study was that the participants were given only one trial for
the skill of slide for TGMD-2. The skill of slide should be completed right and left twice, but the
participants in this study did the skill of slide only once. This was an administrative error.
Because of the limitation, the score of TGMD-2 for slide was reduced.
Recommendations for Future Studies

There are four recommendations for future studies. First, studies involving the
participants from diverse ethnic and ability backgrounds from different regions are needed
because Smart Start-2 was designed for preschoolers of all abilities.
Second, Smart Start-2 includes not only locomotor and object control skills but also
orientation and play skills. Validity and reliability evidence for other skills in Smart Start-2
including orientation and play skills need to be investigated. In the present study, only locomotor
and object control skills were included to investigate validity and reliability evidence.
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Third, the main purpose of Smart Start-2 is to provide preschool classroom teachers with
a high-quality movement curriculum. Future research needs to be examined to determine the
feasibility of Smart Start-2 involving preschool classroom teachers who do not have knowledge
of preschoolers’ gross motor skills. Although positive results were found in this study, future
research is necessary to investigate whether preschool classroom teachers are able to reproduce
acceptable intra-rater and inter-rater reliability evidence when they are trained based on the rater
training session used in this study.
Last, future research needs to be examined to determine whether trained raters are able
to gain acceptable intra-rater and inter-rater reliability evidence when the raters evaluate
participants’ performance by using live observations in an authentic environment instead of using
prerecorded films. In this study, the raters used prerecorded videos to score, and they were able
to rewind for additional viewing.
Conclusion

The major findings of this study support evidence of concurrent validity and intra-rater
and inter-rater reliability of Smart Start-2 for assessing FMS for preschoolers with/without a
disability using three trained raters.
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Verbal Assent Protocol

Hi, (Child’s Name), my name is Jae. I want to see how much you could do several activities.
Your (parents or guardians) said you might want to help me. I will tell you how to do several
activities and you can show me whether you can do the activities. Would you like to do activities
now?
If the child says “YES”
“Okay. Now, I will show you how to do first activity. Please look at me first, and show me
whether you can do the activity. If at any time you don’t want to do it, please let me know.”
“If you don’t want do this, I won’t be mad at you for not doing it.”
If the child says “NO”
“Okay. If you change your mind, please let me know.”

APPENDIX C
LITERATURE REVIEW

REVIEW OF LITERATURE

Theories of Motor Development

There are several theoretical frameworks used to guide the understanding of human
development. Theories help to explain human development from a cognitive, social, and motor
perspective. Two main theoretical perspectives guiding the understanding of motor development
are maturational theory and ecological theory. Maturational theory dates back to the work of
Arnold Gessell (Gallahue & Ozman, 2006). According to Gessell, maturation of the central
nervous system is considered to be the primary driver of human motor development (Clark &
Whitall, 1989; Gallahue & Ozman, 2006; Haywood & Getchell, 2009; Thelen, 1995; Williams,
1983). Phase-stage theory is a conceptual framework used to explain maturation theory. In
phase-stage theory, behaviors are said to occur in stages and are invariant, and individuals go
through sequential stages and the stages cannot be altered or skipped (Gallahue & Ozman, 2006).
Proponents of maturational theory consider heredity to be the primary factor controlling
motor development and insist that external (environmental) factors play a limited role (Clark &
Whitall, 1989; Williams, 1983). In other words, the external factors may make the process of
change faster or slower, but the environment is unable to change one’s genetically determined
sequential process (Haywood & Getchell, 2009).
Gessell’s twin research is an example of maturational theory and stage-phase theory.
Gessell (1929) and his colleagues conducted a study in 1929 to examine the impact of
environmental factors on the motor development of a set of twins (cited in Heriza, 1991,
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p.101) Identical twin infants were given the task of walking and stair climbing. Initial baselines
of these skills were recorded. One twin then received motor skills training while the other twin
received no training. At the end of the intervention, the twins were measured and compared and
the authors reported that the twin who received no intervention learned the skill on his own and
that both twins exhibited the same proficiency at the end of intervention. Therefore, Gessell and
his colleagues concluded that development of children is in an orderly fashion (Haywood &
Getchell, 2009; Heriza, 1991). In other words, there was no huge impact of the training (external
factor) on the motor skills of the children in this study.
Maturational theory and phase-stage theory still influence today’s research of motor
development because many researchers, teachers, and practitioners conclude that basic motor
skills will be automatically achieved (Haywood & Getchell, 2009). Maturational and phase-stage
theory provide a significant contribution to the field of motor development and one framework to
explain typical motor development. However, even though most individuals go through a
universal and sequential process of motor development, these two perspectives cannot explain
individualized differences seen in the motor development of some children who experience
atypical development (Gallahue & Ozman, 2006).
Another primary theoretical perspective guiding the understanding of motor
development is ecological theory. According to Thelen (1995), this approach involves multiple
systems and stresses the interaction between individual, environment, and task. Dynamic systems
theory is one approach used to explain ecological theory (Gallahue & Ozman, 2006; Haywood &
Getchell, 2009).
Dynamic systems theory views motor development as a nonlinear and discontinuous
process (Gallahue & Ozman, 2006; Haywood & Getchell, 2009; Kamm, Thelen, & Jensen, 1990;
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Smith & Thelen, 2003; Thelen, 1995). Dynamic systems theory views the emergence of new
patterns of motor behavior as a loss in the stability of old patterns and that loss of stability
involves the interaction among multiple systems; interactions between individual, environment,
and task make the old patterns of behavior unstable, and individuals change from their old
patterns of behavior to new patterns of behavior (Thelen, 2005). Affordances and rate limiters are
important terms in dynamic systems theory. Affordances aid in promoting or encouraging
developmental change while rate limiters impede or retard development (Gallahue & Ozman,
2006). For example, as infants gain weight, their infant stepping reflex declines and a new
pattern of movement appears. At the emergence of an infant’s new pattern of movement, gaining
weight is considered as an affordance because gaining weight encourages the appearance of new
patterns of behavior (Kamm et al., 1990).
Growth and Motor Development in Preschool Years

According to Clark (2005), most typically developing children in early childhood face
the fundamental patterns period. In the period, children are enthusiastically involved in
discovering their bodies’ movement potential (Gallahue & Ozman, 2006) and build a foundation
motor repertoire that can be the building block for further developing movement patterns for
specific movement contexts (Clark, 2005). Most typically developing children, through regular
physical activity and free and plan play in early childhood, are able to learn the spatial, temporal,
quantitative, and qualitative elements of fundamental movement patterns (Colella & Morano,
2011).
It is easy to see children’s development of fundamental movement patterns in early
childhood. Fundamental movement patterns can be divided into three different domains, which
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include locomotor patterns such as walking and running, manipulate patterns such as striking and
throwing, and stability patterns such as one-foot balance (Burton & Miller, 1998). Typically
developing children should develop the movement patterns during early childhood (Gallahue &
Ozman, 2006), and the preschool period is considered as important changes in achievement and
performance of children’s fundamental movement skill (Williams et al., 2008).
Development of fundamental movement skills in early childhood is regarded as one of
the outcomes of the infant period (Burton & Miller, 1998; Clark, 2005; Gallahue & Ozman,
2006). Most children build and develop fundamental movement skills based on reflexive,
involuntary, and controlled movement of the infant period. Gallahue and Ozman (2006) pointed
out that the idea that the achievement of fundamental movement skills is determined by maturity
is a misconception about the developmental concept of the fundamental movement skills. Clark
(2005) also claimed that it is important to emphasize that the achievement of fundamental
movement skills is not a maturational-driven pattern. Other factors, such as task demands and
considerable environmental support, would play an important role in development of
fundamental movement skills (Clark, 2005; Gallahue & Ozman, 2006).
The Relationship Between Motor Development and Physical Activity

It has been widely accepted that motor skills development in early childhood (ages 2-6
years) provides the foundation for an active lifestyle (Gallahue & Ozman, 2006; Stodden et al.,
2008). According to Reilly et al. (2004), sedentary activities occupy 76-79% of early childhood
children’s monitored hours. Although reasons for these low activity levels are not clearly
accounted for, several researchers have tried to find the reason within the relationship between
the competency of children’s motor skills performance and physical activity levels (Graf et al.,
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2004; Okely et al., 2001; Wrotniak et al, 2006).
Although there were differences in statistical strength, there was a consensus that
children with better proficiency of fundamental movement skills tended to spend more time in
physical activity than their peers with poorer proficiency of fundamental movement skills in
most studies that examined the relationship between fundamental movement skills and physical
activity (Cliff et al., 2009; Fisher et al., 2005; Graf et al., 2004; Okely et al., 2001; Williams et
al., 2008; Wrotniak et al., 2006). On the contrary, children’s motor skill proficiency was
negatively associated with sedentary behaviors exhibited by children (Graf et al., 2004; Williams
et al., 2008; Wrotniak et al., 2006). Children with well-developed motor skills spent less time in
sedentary behaviors than their peers with poorly-developed motor skills (Graf et al., 2004;
Williams et al., 2008; Wrotniak et al., 2006). Based on the results of studies, the authors
concluded that it is important to encourage children to be involved in the programs that improve
motor skills performance in order to reduce the negative consequences of physical inactivity,
such as overweight and obesity (Graf et al., 2004; Williams et al., 2008; Wrotniak et al., 2006).
Some considerable results from the studies that examined the association between
fundamental movement skills and physical activity in early childhood were also found.
According to Cliff et al. (2009), the relationship between fundamental movement skills and
physical activity in preschool-aged children can be differed by gender, by movement skill
subtests, and by physical activity intensity. In the research, the authors reported the negative
relationship between locomotor skills and physical activity for preschool-aged girls. In regard of
this result, the authors inferred several possible causes that may influence the negative
relationship for girls, such as psychosocial or environment factors and age issues. However, the
authors pointed out that large cross-sectional research should be conducted. The other interesting
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research results were that children who exhibited better running speed, agility tasks, and jumped
farther were more active and less sedentary. According to Wrotniak et al. (2006), specific
elements, such as running speed, agility, and broad jump, may be a barometer when examining
the associations between motor skills proficiency and physical activity.
In order to examine whether motor skills proficiency plays a role as a predictor in
subsequent physical activity, Barnett, van Beurden, Morgan, Brooks, & Beard (2009) examined
the relationship between the reported time that adolescents spend participating in physical
activity and their childhood motor skills proficiency that had been assessed in 2000. As a result,
children with well-developed object control skills tended to become active adolescents (Barnett
et al., 2009). The authors also noted that motor skill development should be highlighted in early
childhood interventions pursuing to achieve long-term physical activity.
Motor Development and Preschoolers with Disabilities
An individual’s motor development is constantly affected by interaction between
individual, environment, and task during lifetime (Gallahue & Ozman, 2006). An individual’s
health conditions and disabilities can be one of the crucial factors that cause one’s atypical motor
development. An atypically developing child goes through the same processes that most children
go through, but their own organismic features tailor these processes (Clark & Humphrey, 2002).
It is not surprising that children with disabilities usually are delayed compared to their
peers without disabilities. Research results support that children with disabilities usually exhibit
delay of motor skill development. Provost, Lopez, and Heimerl (2007) compared motor skills of
children 21- 41 months of age with Autism Spectrum Disorder (ASD) to those of children
without ASD and found that all of the children with ASD in this research showed certain degrees
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of delay in motor skills.
Mixed results were found in the study by Dummer, Haubenstricker, and Stewart (1996).
They assessed the motor skills of 201 children with deafness, aged 4 to 18 years, by using the
Test of Gross Motor Development-2 (TGMD-2; Ulrich, 2000) and found that children who were
5 to 10 years in the sample recorded lower mean scores than the same-age sample children who
could hear in TGMD-2. However, the children with deafness (4 years old) scored higher mean
scores than their same-aged peers with disabilities in the norm group of TGMD-2. The reason
would be because the formal schooling of children with deafness was started earlier than their
peers without disabilities, and children with deafness took physical education as part of their
curriculum.
Measurement Approaches
Various approaches to measure individuals’ movement skills exist, and there are several
ways to classify these approaches. According to traditional classification, there are two different
kinds of instruments: (a) norm-referenced and (b) criterion-referenced instruments (Burton &
Miller, 1998). These two different approaches have different features, advantages, and
disadvantages.
Norm-Referenced Instruments

Norm-referenced instruments are designed to collect data that are likely to be product- or
outcome-oriented (Burton & Miller, 1998). Distance, time, or the number of successful trials can
be an example of a product or outcome. The data of norm-referenced instruments are usually
compared with the data of a normative group or reference group (Bond, 1996; Burton & Miller,
1998; Montgomery & Connolly, 1987; Sherrill, 2004; Winnick, 2011). Norm-referenced
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instruments allow examiners to better understand an individual’s status relative to the normative
groups (Bond, 1996; Winnick, 2011) Thus, norm-referenced instruments can be used for
diagnostic, placement, and evaluative purposes (Bond, 1996: Montgomery & Connolly, 1987).
However, there are several challenges in using norm-referenced instruments. Examiners
should consider representativeness of the normative group, such as target age, race, physical or
mental impairment, and other important variables (Burton & Miller, 1998; Hands, 2002). For
example, an individual’s experience in the specific test items may create a source of bias in
norm-referenced instruments because the individual who had an experience in the specific test
items would exhibit better performance than the other who had not (Burton & Miller, 1998).
Second, Hands (2002) pointed out that the data collected by quantitative measurement
approaches would not be able to give examiners the information necessary to understand an
individual’s variability in movement patterns. For instance, individuals with cerebral palsy
usually have unique movement patterns, such as gait patterns. However, data collected using a
norm-referenced instrument would not be able to describe or explain the variability seeing the
movement patterns because most norm-referenced instruments depend on the mean score of
product- or outcome-oriented items (Burton & Miller, 1998).
Another disadvantage for using norm-referenced instruments is that standardized
procedures, such as equipment, specific task conditions, and instructional directions, do not
represent all desired ranges of behaviors (Burton & Miller, 1998). For example, task conditions
like the use of a 4-inch ball from a distance of 15 feet is essential to assess an individual for
catching in TGMD-2. However, the specific task conditions of 4-inch ball from a distance of 15
feet would not work for children 3-5 years old because such children usually have hands too
small to control a 4-inch ball.
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Criterion-Referenced Instruments

Criterion-referenced instruments are designed to collect data that are likely to be process
oriented (Bond, 1996; Burton & Miller, 1998; Sherrill, 2004). Sherrill (2004) defined criterionreferenced instruments as the instruments that are aimed to describe an individual’s mastery of
developmental milestones, movement patterns, and fitness levels. Criterion-referenced
instruments are widely used to plan instruction or intervention and describe an individual’s
progresses (Bond, 1996; Burton & Miller, 1998: Montgomery & Connolly, 1987).
The major advantage of criterion-referenced instruments is that they enable instructors to
gain useful feedback for what specific components of skills an individual needs to master by
comparing an individual’s performance with a predetermined criterion. Data through criterionreferenced instruments can give instructors a vision into the deficits of performance (Burton &
Miller, 1998).
Another advantage for using a criterion-referenced instrument is that it allows examiners
to observe an individual’s performance in more natural settings (Burton & Miller, 1998).
Because the purpose of using criterion-referenced instrument is to examine an individual’s
mastery of movement skills (Montgomery & Connolly, 1987; Sherrill, 2004), standardized
procedures such as equipment, instructional directions, and specific task conditions might not be
important to determine an individual’s mastery of movement skills.
There are also disadvantages of criterion-referenced instruments. First, data collected by
different assessors may not be easy to compare because assessors may interpret one’s
performance differently (Hands, 2002). In order to improve inter-rater reliability of criterionreferenced instruments, assessors might need to be trained, which could be time-consuming.
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Movement Skill Assessment Tools
Several standardized assessment tools are available for measuring preschoolers’
fundamental movement skills. TGMD-2, MABC-2, BOTMP-2, PDMS-2, and Smart Start-2 have
been widely used and considered as popular instruments that assess individuals’ movement skills
in adapted physical education.
The Test of Gross Motor Development-2

TGMD-2 is a norm- and criterion-referenced test that is designed to qualitatively assess
fundamental gross motor skills of children who aged from 3 to 10 years (Ulrich, 2000). TGMD-2
is one of the standardized instruments of fundamental gross motor skills for children (Capio, Sit,
& Abernethy, 2011) and is considered as one of the most often used instruments to assess
fundamental gross motor skills of children with disabilities (Capio, Sit, Abernethy, & Masters,
2012; Houwen et al., 2010; Simons et al., 2008). TGMD-2 has been used to assess fundamental
gross motor skills of typically developing preschool-age children (e.g., Hardy, King, Farrell,
Macniven, & Howlett, 2010; Robinson & Goodway, 2009), school-age children (e.g., Morgan,
Okely, Cliff, Jones, & Baur, 2008), and children with disabilities (e.g., Capio et al., 2011;
Houwen et al., 2010; Simons et al., 2008). Evidence of reliability and validity for TGMD-2 has
been reported for typically developing children (e.g., Evaggelinou et al., 2002; Ulrich, 2000;
Valentini, 2012), children with intellectual disabilities (e.g., Simons et al., 2008), and children
with visual impairments (e.g., Houwen et al., 2010).
According to the results of the studies, TGMD-2 can be considered as one that has good
reliability evidence. In a study involving 75 children aged between 6 and 12 years with vision
impairment, Houwen et al. (2010) reported acceptable reliability of inter-rater, intra-rater, and
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test-retest reliability (intraclass correlation coefficient [ICC] ranging from 0.82 to 0.95). In 2008,
Simons et al. reported three estimates of reliability and two estimates of validity. A total of 99
children with intellectual disability aged 7-10 years were tested for validity and reliability for
TGMD-2 in the study. In regard of inter consistency, Cronbach’s alpha coefficient was .82 for the
locomotor subset and .86 for the object control subset. Correlation coefficient for the test-retest
was .90 for locomotor, .92 for object control and for the total test .98. Inter-rater reliability was
1.00 for all three aspects.
There was one article that reported validity evidence for TGMD-2 examining children
with visual impairments (Houwen et al., 2010). In the research, the authors found that there were
significant partial relationships between age and the locomotor (r = 0.36, p = 0.002) and object
control (r = 0.53, p < .001) subtests, which means that older children perform better than
younger children on the test (Houwen et al., 2010). In regard to gender difference, there was a
significant effect for sex in the object control subtest, F (71, 1) = 8.54, p = 0.005, but not in the
locomotor subtest, F (71, 1) = 0.03, p = 0.855.
Houwen et al. (2010) also reported the Spearman rho correlation coefficient for
convergent validity with MABC, and there was a strong relationship between TGMD-2 object
control subtest and the Movement ABC ball skills subtest (rs = 0.80, p = 0.006).
Movement Assessment Battery for Children-2

Movement Assessment Battery for Children-Second Edition (MABC-2; Henderson,
Sugden, & Barnett, 2007) is another standardized and norm-referenced instrument that has been
developed to assess children's motor skills disabilities and determine intervention strategies. The
test is targeted for children between 4 and 12 years of age (Henderson et al., 2007). It was
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confirmed that MABC has been world widely used in both clinical and research contexts (Geuze,
Jongmans, Schoemaker, & Smits-Engelsman, 2001). MABC-2 has been used in a various range
of populations, including preschoolers without a disability (Fisher et al., 2005; Logan &
Getchell, 2010), school-age children (D’Hondt, Deforche, Bourdeaudhuij, & Lenoir, 2009; Haga,
2008), and at-risk children (Smits-Engelsman, Henderson, & Michels, 1998).
Reliability evidence for MABC has been reported in several articles (e.g., Chow &
Henderson, 2003; Croce, Horvat, & McCarthy, 2001; Smits-Engelsman, Fiers, Henderson, &
Henderson, 2008). The results of the studies indicated that MABC-2 has good reliability
evidence for preschoolers and children without disabilities. In a research involving 138 children
ages 4 to 6 years by Chow and Henderson (2003), the authors reported that ICC for inter-rater
was ranged from .80 to 1.00, with mean of .96. Croce et al. (2001) reported test-retest reliability
involving 106 children aged from 5 to 12 years and the kappa coefficient was .95. According to
Smits-Engelsman et al. (2008), inter-rater reliability evidence for MABC was very high. The
kappa coefficients ranged from .95 to 1.00. in clinical settings involving nine children aged from
4 to 12 years.
Validity evidence for MABC also has been reported in several articles (e.g., Van
Hartingsveldt, Cup, & Oostendorp, 2005; Van Waelvelde, Peersman, Lenoir, & SmitsEngelsman, 2007). In the two studies, authors investigated convergent validity for MABC by
comparing with PDMS-2. According to Van Hartingsveldt, Cup, & Oostendorp (2005), the
convergent validity of the standard fine motor score of PDMS-2 and the manual dexterity cluster
score of MABC was estimated. In the research involving 18 children between the ages of 4 and 5
years with and without presumed fine motor problems, the authors found that a correlation of .69
between tests (Hartingsveldt, Cup, & Oostendorp, 2005). In 2007, Van Waelvelde et al.
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investigated convergent validity between MABC and PDMS-2. A total of 31 children aged from
4 to 5 were tested and the total scores on the two tests correlated well (rs = .76).
Bruininks-Oseretsky Test of Motor Proficiency-2
The Bruininks–Oseretsky Test of Motor Proﬁciency-Second Edition (BOTMP-2;
Bruininks & Bruininks, 2005) has been widely used for evaluating motor deﬁcits in children and
adolescents with various disabilities (e.g., Gordon, Schneider, Chinnan, & Charles, 2007;
Wuang, Wang, Huang, & Su, 2008). BOTMP-2 is a standardized and norm-referenced
instrument assessing movement impairment of individuals aged 4 to 21 years.
Developers of the BOTMP-2 have reported that the test has moderate to high inter-rater
and test-retest reliability evidence in typically developing children (Bruininks & Bruininks,
2005). Also, evidence for concurrent validity between BOTMP-2 scores and other instruments of
motor performance has been reported by developers, too (Bruininks & Bruininks, 2005). Wuang
and Su (2009) reported internal consistency and test-retest reliability evidence for the BOTMP-2
involving 100 children with intellectual disabilities. The results indicated high test-retest
reliability (ICC = .99) and internal consistency (Cronbach’s α = .92).
Validity evidence for the BOTMP-2 has been reported in study by Venetsanou, Kambas,
Aggeloussis, Fatouros, and Taxildaris (2009). A total of 380 children aged 48 to 71 months
participated in the study. The author found that age had a substantial effect on children’s total
test score, (F (3, 314) = 110.65, p < .001, η2 = .68).
Peabody Development Motor Scales-2

PDMS-2 is a norm- and criterion-referenced instrument which assesses gross and fine
movement skills of children aged birth to 6 years (Folio & Fewell, 2000). The normative data of
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PDMS-2 has been updated through 1997 to 1998 for a sample of 2003 children including 10% of
children with various disabilities residing in the United States and Canada.
The test developers have investigated the reliability for PDMS-2. The manual lists three
types of reliability evidence: are internal consistency, inter-rater, and intra-rater that have been
investigated. According to Folio and Fewell (2000), all reliability coefficients for PDMS-2
showed that PDMS-2 has good reliability evidence, internal consistency (Cronbach α = .89- .97),
test-retest reliability (r = .82- .93), and inter-rater reliability (r = .96- .99).
Few studies have investigated the validity evidence for PDMS-2 in preschoolers with
disabilities. The test developers investigated concurrent validity for PDMS-2 by comparing
PDMS-2 with Mullen Scales of Early Learning. The results indicated high correlations with
PDMS or Mullen Scales of Early Learning (r = .80- .91; Folio & Fewell, 2000). There was one
more study investigating concurrent validity for PDMS-2. Provost, Heimerl, McClain, Kim,
Lopez, and Kodituwakku (2004) examined relationships between the BSID-II Motor Scale and
PDMS-2 scores in children with developmental delay aged from 3 years to 41 months. They
found that moderate to high correlations between the BSID-II Motor Scale and PDMS-2 standard
scores (r = .67- .75) and high to very high correlations between the BSID-II Motor Scale and
PDMS-2 subtests for age-equivalent scores (r = .85 - .97).
Smart Start Preschool Movement Curriculum

Smart Start Preschool Movement Curriculum, a curriculum-based and criterionreferenced instrument, was developed by Wessel and Zittel (1995). This assessment tool can be
useful in designing and redirecting movement programs for children ages 3 to 5 years. Smart
Start includes resource materials helping teachers to design and to implement movement
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programs and assessment checklists for locomotor, object control, orientation, and play skill.
This developmentally appropriate movement curriculum is designed for observers to observe, to
assess preschoolers with/without disabilities, and also to provide teachers with help planning
instruction responsive to the unique needs and interests of preschoolers with/without disabilities
(Wessel & Zittel, 1995).
Only one study, Ong (2001), examined the inter-coder and intra-coder reliability
evidence for Smart Start assessment checklists of locomotor skills including crawl/creep, walk,
run, jump down, jump over, hop, and gallop. A total of 28 preschoolers aged 36 to 72 months
with/without disabilities participated in the study. The results from the study indicated that Smart
Start has good inter-coder reliability (r = .77- 1.00) and intra-coder reliability (r = .84- 1.00).
Summary

Human beings go through continuous change in motor behavior during the span brought
about by endless interaction among individual, task, and environment (Gallahue & Ozman,
2006). In early childhood, most preschoolers develop fundamental movement skills and the skill
serves as a key element for participation in future physical activity and development of specified
sport and game skills. Because of the importance of fundamental movement skills, assessing
accurately children’s fundamental movement skill is important for preschoolers.
Fundamental movement skill assessment is particularly important for preschoolers with
a disability because the assessment can play an important role in identifying ones’ developmental
delays in motor development. Disabilities and delays can have a negative effect on preschoolers’
motor development. A large number of preschoolers with a disability experience delay in motor
development. Delays in motor development can be improved by participation in early
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interventions and movement programs.
Several standardized assessment tools using norm- or criterion-referenced approaches
with reliability and validity evidence are available for measuring gross motor skills of
preschoolers with/without a disability. TGMD-2, MABC-2, PDMS-2, and BOTMP-2 are the
most popular tools in the field of adapted physical education. Smart Start-2, a curriculum-based
and criterion-referenced instrument, can be useful in the field of adapted physical education since
it was designed to help preschool teachers develop, create, and implement their movement
programs. However, there are limited studies on reliability and validity evidence of Smart Start.
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